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Water samples:
1) chlorophyll, 
2) absorption 
spectra, 3) CTD
4) spectral 
backscatter bbp

Water sampling program
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Ed
Lsea

Lsky

Passive above-water optics



Ocean Research Consortium of the Arctic, OEAS, ODU 4

Water
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Sky

Lsky

Radiance  & Irradiance Sensors

Downwelling 
Irradiance

Ed

Lsea corrected for 
Fresnel reflectance

Up- & Downwelling  
Radiances
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25 km 

Shallow water (CLT = 11m)

Plume: FW, CDOM, & SS

Optically thick or thin

Case 1 (chl) or 2  

Coastal 
waters 
can be 
extremely 
dynamic 
and 
complex!  

(layers, 
runoff, 
mixing, 
etc., etc.)
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Bathymetry masks <30m

CLT
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Water 
column 
structure

July 12, 
23, 25 & 
30th

1, 2, 3 or 
more 
layers

Density

Temp

Salinity
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July 16-18th

Short-term 
variability 
pronounced

Density

Temp

Salinity
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Growth vs. 
advection vs. 
resuspension?

requires forcing 
and larger view
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Rrs = Lu/Ed

Plant biomass
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COPE = 
Chesapeake 
Outflow 
Plume 
Experiment

Chesapeake 
Outflow 
Plume 
Experiment 
in Sept 1996

Spatial 
variability is 
highly 
pronounced 
in shallow 
estuarine 
waters
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at = aw + as + aa + an

soluble

algal

nonpigmented

total

water
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All particles

Particles - pigments 
= bacteria, detritus, 
sediments, animals

Plants

Soluble (CDOM)

400-700 nm



Ocean Research Consortium of the Arctic, OEAS, ODU 15

All particles

Particles - pigments 
= bacteria, detritus, 
sediments, animals

Plants

Soluble (CDOM)

COPE96
Sept

CLT00
March

CLT01
Jun-Dec 
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All particles

Particles -
pigments

Plants

Soluble
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All particles

Particles -
pigments

Plants

Soluble

COPE96
Sept

CLT00
March

CLT01
Jun-Dec 



Ocean Research Consortium of the Arctic, OEAS, ODU 18Soluble absorption vs. salinity



Ocean Research Consortium of the Arctic, OEAS, ODU 19Simulations w IOPs and chlorophyll concentrations

Rrs in green too low

Rrs spectra with various 
scattering relationships
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Need more IOP (active) observations vs. t, z
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Understanding the dynamics and variability of bio-optical 
properties in coastal water will require longer, more 
comprehensive observations (MODIS, GLI, MERIS…) and 
modeling.

ORCA: http://www.ccpo.odu.edu/~orca/


